ABSTRACT
INTRODUCTION

6
Salmonella isolates. We used PFGE and MLST in order to investigate Salmonella diversity and 108 biogeography among Salmonella isolates recovered from 12 of the sites.
109
MATERIALS AND METHODS
110
Sampling Locations and Times. Fourteen central Californian waterbodies were sampled 111 during the study (Table 2 ). Samples were collected every 6 weeks from January 2008 to isolates from the same water sample, collected at the same place and time, were determined to be 132 genetically identical based on both PFGE and MLST, then only one was retained from our data 133 set.
134
Pulsed Field Gel Electrophoresis (PFGE). Salmonella isolates were further typed using 135 PFGE according to the 24 h standardized protocol described by PulseNet (33). Plugs were 136 digested using either 50U of XbaI or 30U of BlnI enzymes (New England Biolabs, Ipswich, 137 MA). Gels were photographed using a Gel Doc 1000 (Bio-Rad). PFGE patterns were analyzed 138 using the BioNumerics software (version 6.0; Applied Maths, Kortrijk, Belgium). The PFGE 139 pattern analysis and genetic similarity coefficients were calculated using Dice's correlation at 140 1.5% and 1.2% band position tolerance, respectively. Dendrograms were constructed using the 141 complete linkage method using the combined XbaI and BlnI PFGE patterns. Pattern numbers 142 were assigned to isolates using both PFGE patterns together. collected was deemed to be primarily urban, agricultural, or forested following the protocol 175 described elsewhere (4). Each sampling date was characterized as wet or dry based on the 176 presence of rainfall during the 7 days proceeding the sampling date as described in Walters et al. 177 (4). Dissolved inorganic nitrogen (DIN) concentrations in the water samples were reported 178 previously (4) and were measured in filtered water samples using a nutrient auto-analyzer.
143
Multilocus Sequence Typing (MLST
179
Biogeography analysis. Analyses were carried out using PRIMER version 6 (PRIMER-180 E Ltd, Plymouth, UK) unless otherwise noted. Species-accumulation curves (36, 37) and Chao1 181 diversity estimators (38) were generated using observed PFGE and ST data. The species-182 accumulation curve allows one to assess the degree to which taxa diversity has been sampled in 183 the system; a steep curve indicates diversity is undersampled whereas a curve that asymptotes 184 suggests increased sampling will not uncover more taxa. The Chao1 estimator uses a non-185 parametric approach to provide the number of taxa predicted to be present as the number of 186 isolates typed tends towards infinity; it is calculated using information on the number of taxa that 187 appear 1 or 2 times in the pooled samples (38). The similarity of Salmonella PFGE patterns and
188
STs collected among sampling events (defined by a location and time) was determined using 189 Bray-Curtis similarity coefficients (39). STs were also classified into their respective clusters
190
(formed during creation of the ME tree, described above; clusters are associated with subspecies 191 designations) and the similarity analysis was repeated. Taxa-distance and taxa-time relationships
192
were investigated using non-parametric Mantel tests with dissimilarity matrices and geographic
193
and temporal distance matrices (40) using Matlab R2009b (Natick, MA Table S2 ). Five Salmonella isolates were untypable by PFGE. (Table 3) . Thirty eight discrete STs were identified among the 104 Salmonella spp. isolates 241 indicating a high degree of genotypic diversity. Of those 38, 23 STs were represented by single isolates, while 15 STs were represented by more than one isolate (n = 2 to 27), and 18 were new 243 STs (Table 3) Isolates characterized as the same ST did not necessarily have the same PFGE pattern.
264
For example, the twenty-seven isolates characterized as ST19 had 13 distinct PFGE patterns 265 ( Figure 1) . All of the isolates that shared a PFGE pattern had the same ST.
266
Clustering and phylogenetic analysis. A minimum evolution (ME) tree was generated 267 from the concatenated sequences of the seven loci of the 38 STs (Figure 4) . The ME tree Overall the relationship observed by eBURST was retained in the ME tree from the MLST data.
274
Cluster I is the most diverse. ST126 and 868 (SLV) were grouped together as seen by eBURST, (Table 3) .
287
Biogeographic Analysis. The PFGE data were too diverse (most patterns were 288 singletons) and thus dissimilar between sampling events, so they could not be used for 289 biogeographic analysis. When the Bray-Curtis similarity matrices were computed for PFGE 290 patterns, the vast majority of entries were zero (data not shown). Thus, the MLST data were 291 subjected to biogeographical analysis.
292
The distribution of STs among sampling sites is shown in Figure 5 . Many STs appeared 293 to be endemic. That is they were only detected once or twice at one or two sites. Other STs 294 appeared more cosmopolitan; for example ST19 and ST15 were detected at 7 and 8 different 295 sites, respectively, and multiple times at the same sites. San Pedro Creek appeared to be the most 296 diverse site, harboring 18 different STs. However, the most isolates in our collection were also 297 obtained at San Pedro Creek.
298
We determined the extent to which ST diversity during each sampling event (defined as a 299 location and time) could be predicted from watershed data (primary land cover) or environmental 300 conditions (rainfall, salinity, temperature, dissolved inorganic nitrogen) using multivariate 301 statistics. Additionally, we investigated the existence of taxa-time and taxa-area relationships.
302
There were no statistically significant correlations between the similarity of STs or subspecies isolates during wet compared to dry weather (67 versus 37 isolates, respectively), so richness 314 was higher in wet compared to dry weather (29 versus 17 STs, Figure 6 ). Twenty-one of the STs 315 were only isolated during wet weather while 9 STs were only isolated during dry weather. The 316 remaining 8 STs were isolated during both dry and wet weather. 
332
The number of STs detected given the total number of isolates is comparable to the 333 number of serovars observed in other environmental studies (6, (14) (15) (16) (17) (18) (19) and temperature may indicate that these factors are not important in selecting for S. enterica diversity at the spatial and temporal scales of the study. This is consistent with the notion that 375 these waters do not represent niches where Salmonella spp. can be metabolically active; however 376 Salmonella spp. survival in the aquatic environment has been described as prolonged (9). Lack of 377 dispersal limitation may be the main factor driving diversity at these sites. This would be 378 consistent with the lack of a taxa-distance relationship (45, 52). Although primary land cover, enterica were not recorded during the study, 2) S. enterica diversity was under sampled, and 3) 385 genetic relatedness needs to be explored at a finer or coarser scale (52).
386
A relationship between S. enterica genetic similarity and time was found, with sampling 387 events close in time tending to be more similar. This may suggest that ST turnover rates are 388 longer than the time between sampling events. It may be a result of wet and dry sampling events, 389 which were shown to harbor similar S. enterica genotypes, being clustered in time. with S. Mbandaka, S. Heidelberg, and S. Typhimurium indicate that S. Mbandaka is more resistant to sunlight than the other two serovars (53). Alternatively, the primary watershed 397 sources of Salmonella may be wildlife which is not restricted to particular land covers.
398
The factors modulating the presence, distribution, and diversity of waterborne Salmonella 399 are complex and poorly understood. This investigation into the distribution and diversity of 400 waterborne Salmonella spp. adds to our understanding of these factors. In particular, it appears 401 that lack of dispersal limitation may be important in controlling Salmonella spp. diversity at the 
